INTRODUCTION
In this paper, we are devoted to study the existence of positive solutions to periodic boundary value problem, In particular, our nonlinear term f(t, x) may be singular at x = 0 and may be superlinear at x = co. Generally speaking, problem (1.1) is called singular if f(t, x) tends to infinity when x --* 0 +.
This research work was first opened by Lazer and Solimini [1] , in which the model equations,
1
x" ± --= p (t), Xc~ were studied. Since then, many researchers have been devoted to study the existence of periodic solutions for this type of problems and there are many papers (see, for instance, [2] [3] [4] [5] [6] and their references) in literature.
It is said that problem (1.1) has an attractive singularity if lim f (t, x) = -oo, In some systems like the N-body problem problem, the singularities are of attractive type. The classical technique for proving existence of periodic solutions is the lower and upper solution method for attractive singularities (see [7] ). When the singularities are of repulsive type, for the scalar singular equation, to obtain the existence of positive periodic solutions, including all subharmonics. Similarly. del Pino and Man~evich proved in [9] the existence of infinitely many periodic solutions to (1.3), when g(t, x) is superlinear at x = co and satisfies the following strong force condition at x = 0.
There are positive constants c, c',/z, such that # > 1 and
for all t and all x sufficiently small.
When g(t, x) is semilinear at x = c¢, del Pino, Man~evich and Montero [3] proved the existence of at least one positive periodic solution of (1.3) if g(t, x) satisfies (1.4) near x = 0 and the following nonresonance conditions at x = oo. There is an integer k > 0 and a small constant > 0, such that
for all t and all x >> 1. We note that conditions (1.5) are the standard uniform nonresonance conditions with respect to the antiperiodic boundary condition, not with respect to the periodic boundary condition. For example, 1 x" + #x = ~-~ + h (t), (1.6) where # > 0 and h E C(R, R) is 2~r-periodic. Nonresonance holds when #4 , k=l,2,...,
i.e., # is not an eigenvalue of the antiperiodic boundary value problem. Moreover, the author in [5, 6] used the coincidence degree theory of Mawhin to study the existence of positive 27r-periodic solutions to the following scalar singular semilinear equations,
(1.7)
here, g E C(R x (0, c~), R) satisfies the strong force condition at x = 0. In the references mentioned above, two most common techniques have frequently been employed:
(1) the obtention of priori bounds for the possible solutions and then the applications of topological degree arguments [10] and (2) the theory of upper and lower solutions [7] .
These two techniques have often been interconnected and have proved to be very strong and fruitful and became very popular in this research area. However, the above two techniques have their own limitations and in fact, for practical purposes, serious difficulties arise frequently in the search for priori bounds or upper and lower solutions.
On the other hand, some fixed-point theorems in a cone for completely continuous operators have been extensively employed in the related literature, specially to study several kinds of separated boundary value problems (see for instance in [11, 12] and their references), while for the periodic boundary value problems, it is more difficult to find references, and only very recently, papers [13, 14] are known to us. The reason for this contrast may be the fact that it is more difficult to perform a study of the sign of Green's function for the corresponding linear periodic problems. In paper [14] , the author succeeded in overcoming this difficulty by using a new LP-maximum principle developed in [15] and obtained some new existence results to problem (1.1).
In this paper, we will exploit some results developed in [14] , together with a fixed-point theorem in cones, to study the existence of positive solutions to problem (1.1). This paper is organized as follows. In Section 2, some preliminary results will be given, which will be used in Section 3. In Section 3, we are devoted to the existence results for the singular semipositone case, i.e., f(t,x) : [0,1] x (0, oc) ~ R is continuous, f(t, x) ~ +oo when x ~ 0 + and there exists a M > 0 such that f(t, x) + M >_ 0 for all (t, x) E [0, 1] x (0, oo). In this case, we prove that the weak singularity of f(t, x) at x = 0 is allowed, as revealed in [13, 14] . In the context of repulsive singularities, it is usual to assume some kind of strong force condition, which means roughly that the potential in zero is infinity. Typically, this condition is employed to obtain priori bounds of the solutions. In paper [1] , it is proved that the strong singulary condition cannot be dropped without further assumptions, and in fact such a condition has become standard in the related literature. Recently, Rachunkov£ et al. [13] have obtained for the first time existence results in the presence of weak singularities, by using topological degree arguments. In our case, we are able to deal also with weak singularities because the strong force conditions are not needed in Theorem 3.1.
To conclude this section, we state here a well-known fixed-point theorem in cones [16] , which will be used in Section 3 and Section 4. 
Then, T has a fixed point in K N (~2 \ 121).

SOME PRELIMINARY RESULTS
In this section, we present some preliminary results which will be needed in Sections 3 and 4 First, we fix some notations to be used in the following: Given a • "+a(t)==h(~),
0<t<l, (2.2) (0) = x (1), ~' (0) = x' (1) ; has a unique solution that can be written as x (t) = a (t, s) h (s) ds, (2.3) where G(t, s) is the Green's function of problem (2.1).
In order to state the next result, the following best Sobolev constants will be used, One may readily verify that K is a cone in X. Finally, we define an operator T : X ~ K by P 1 
(Tx)(t) = Jo G(t, s)F(s, x(s)) ds
(Tx) (t) > A fo F (s, x (s)) ds.
i.e., Tx E K.
X ~ K is continuous and completely continuous.
SEMIPOSITONE CASE
In this section, we establish the existence of positive solutions to the periodic boundary value problem,
x" +a(t)x= f(t,x),
O<t < l, (4.1)
here, a(t) E A and f(t, x) may be singular at x = 0. In particular, our nonlinear term f(t, x) may be superlinear at x = +co and may take on negative values. We are interested in working out what weak force conditions of f(t, x) at x = 0 and what superlinear growth conditions of f(t, x) at x = +co are needed to obtain the existence of positive solutions to problem (3.1). Throughout this section, we assume the following conditions hold. here, a and w(t) are the same as in (Ba). PROOF. To show (3.1) has a positive solution, we will show 
" (t) + a (t) u (t) = x" (t) -Mw" (t) + a (t) x (t) -Ma (t) w (t) = f (t, x (t) -Mw (t)) -M = f (t, x (t) -Mw (t)) = f (t, u (t)),
for all t 6 [0, 1].
As a result, we will only concentrate our study on (3. This implies IITxll >_ Ilxll, i.e., (3.6) holds. Now, (3.5), (3.6), and Theorem 1.1 guarantee that T has a fixed point x E K n (~R \ fir) with r _< Ilxll _< R. Clearly, this x is a positive solution of (3.3).
II EXAMPLE 3.1. Let us consider the following periodic boundary value problem,
• " + a (t) x = t' (x -~ + z ~ + k (t)), 0 < t < 1, 
